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Lloyd	 Maersk	 MOL	 MSC	 NYK	 ZIM	
Nodes	 34	 13	 29	 19	 4	 17	 17	 18	 20	 10	 11	 16	 9	
Total	




0.639	 0.691	 0.605	 0.639	 0.292	 0.662	 0.637	 0.627	 0.66	 0.633	0.671	0.708	0.587	
Beta	
index	 11.22	 2.46	 5.75	 5.84	 1.25	 3.05	 5.706	 5.66	 5.85	 2.2	 3.63	 2.93	 2.33	
Gamma	
index	 0.33	 0.205	 0.206	 0.325	 0.417	 0.191	 0.357	 0.333	 0.308	 0.244	0.364	0.196	0.292	















































































































































MSN	all	 -12	 -19.3	 -11.5	 -17.8	 -21.6	 -29.3	 -38.7	
APL	 -	 -18.8	 -9.4	 -	 -59.4	 -	 -40.6	
CMA-CGM	 -1	 -55.1	 -16.2	 -38.3	 -25.1	 -41.3	 -18.6	
Cosco	 -	 -	 -	 -	 -60	 -	 -80	
CSAV	 -26.1	 -50.5	 -32.4	 -17.1	 -25.2	 -	 -36	
Evergreen	 -9.6	 -40.4	 -15.4	 -17.3	 -84.6	 -	 -21.2	
Hamburg-Süd	 -14.4	 -83.5	 -14.4	 -7.2	 -40.2	 -11.3	 -33	
Hapag-Lloyd	 -15.7	 -56.9	 -30.4	 -	 -44.1	 -15.7	 -43.1	
Maersk	 -27.4	 -36.8	 -6.8	 -14.5	 -64.1	 -23.9	 -65.8	
MOL	 -45.5	 -	 -	 -	 -59.1	 -13.6	 -9.1	
MSC	 -30	 -	 -42.5	 -	 -42.5	 -	 -57.5	
NYK	 -29.8	 -38.3	 -17	 -2.1	 -12.8	 -	 -72.3	
ZIM	 -33.3	 -	 -	 -71.4	 -23.8	 -	 -42.9	
Table	4.	Impact	of	attacks	on	networks	size	(links)*	
*Cells	highlighted	in	grey	indicate	the	liner	shipping	network	that	was	impacted	the	most	when	a	given	country	
was	attacked,	as	a	function	of	the	percentage	of	links	the	liner	shipping	network	lost.	
	
We	applied	the	network	metrics	selected	and	summarised	in	Table	2	to	analyse	the	impact	of	targeted	
attacks	on	the	MSN	and	the	individual	liner	shipping	networks.	A	lower	number	of	total	links,	a	higher	
network	diameter,	and	lower	beta	and	gamma	indices	indicate	a	negative	effect	of	the	targeted	attack	
on	network	connectivity,	therefore	making	it	more	difficult	to	reach	nodes	in	the	network.	A	lower	
clustering	coefficient	indicates	a	negative	impact	of	the	attack	on	network	concentration,	thus	
decreasing	the	density	of	ties	between	nodes	in	a	network.	At	the	global	level	of	the	MSN,	among	all	the	
simulations	conducted	it	was	an	attack	to	the	US	which	had	the	highest	impact	on	the	network	(Figure	
7).	Due	to	the	role	that	the	US	had	in	the	MSN	as	global	connector,	removing	this	country	from	the	
network	substantially	reduced	global	connectivity	and	network	size.	In	fact,	the	total	number	of	links	
decreased	by	nearly	40%,	the	beta	index	by	31%,	and	the	gamma	index	by	21%.	In	turn,	network	
diameter	increased	by	33%	and	clustering	coefficient	by	38%.	Surprisingly,	the	country	that	had	the	
second	most	important	impact	on	the	MSN	when	it	was	removed	from	the	network	was	Trinidad	and	
Tobago	(Figure	8):	links	decreased	by	29%	and	the	beta	index	by	17%.	Network	diameter	increased	by	
33%	and	clustering	coefficient	by	23%.	Looking	closer	to	the	MSN	structure,	the	relevance	of	Trinidad	
and	Tobago	for	global	connectivity	is	explained	by	the	critical	role	the	country	played	as	a	connector	for	
the	Caribbean	and	Southern	Cone	communities	to	the	rest	of	the	network.	Overall,	these	results	imply	
that	countries	that	are	international	trade	partners,	and	global	supply	chains	with	nodes	in	the	Americas	
that	involve	products	moving	in	maritime	containers,	should	include	in	their	risk	assessments	an	
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evaluation	of	the	extent	to	which	they	may	be	exposed	to	risks	of	delays	or	disruptions	should	ports	in	
the	main	hubs	be	closed	due	to	adverse	weather	conditions,	strikes,	national	threats,	etc.		
When	analysing	the	impact	of	the	simulated	attacks	on	the	connectivity	of	each	of	the	32	countries,	
results	showed	that	the	countries	with	highest	vulnerability	(in	terms	of	loss	of	20%	of	total	number	of	
links	or	more)	were:	Argentina	–	whose	connectivity	was	highly	impacted	by	attacks	on	five	of	the	
selected	countries	–	followed	by	Haiti,	Suriname	and	Uruguay,	whose	connectivity	was	impacted	by	
attacks	on	four	countries.	Instead,	the	countries	with	the	highest	resilience	were	Brazil,	Colombia,	DR,	
Guatemala,	Mexico,	and	the	US,	whose	connectivity	went	below	the	threshold	of	20%	of	links	lost	just	
once	among	the	different	simulations	conducted.	This	suggests	that	international	freight	flows	from	the	
first	group	of	countries	could	be	more	exposed	to	risks	of	disruptions	in	maritime	shipping	services	than	
international	freight	flows	from	the	second	group	of	countries,	which	would	see	their	flow	of	products	
less	affected	by	disruptions	in	the	MSN.		
	
								(i)																																																																																																					(ii)	
Figure	7.	Simulated	attack	to	the	US	and	impact	on	the	MSN*	
*Nodes’size	and	labels	size	according	to	betweenness	centrality.	Links	weight	according	to	weight	of	connections	
between	countries.	Links	colour	according	to	community.	(i)	Before	the	attack;	(ii)	after	the	attack.	
	
	
								(i)																																																																																																					(ii)	
Figure	8.	Simulated	attack	to	Trinidad	and	Tobago	and	impact	the	MSN*	
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*Nodes’size	and	labels	size	according	to	betweenness	centrality.	Links	weight	according	to	weight	of	connections	
between	countries.	Links	colour	according	to	community.	(i)	Before	the	attack;	(ii)	after	the	attack.	
	
Communities	showed	different	degrees	of	vulnerability	according	to	the	shipping	line	serving	them	and	
the	role	neighbours	in	the	community	and	hubs	played	in	the	liner	shipping	network.	For	example,	
WCSA	depended	on	the	services	from	three	main	shipping	lines:	CSAV	(25%),	Hamburg-Süd	(19%)	and	
MSC	(18%).	According	to	the	results	shown	in	Table	4	regarding	the	number	of	total	links	lost	after	an	
attack,	in	the	case	of	CSAV,	services	were	more	vulnerable	to	disruptions	in	Colombia	and	Brazil.	In	the	
case	of	Hamburg-Süd,	services	were	more	vulnerable	to	attacks	to	Colombia	and	the	US.	Finally,	in	the	
case	of	MSC,	services	were	more	vulnerable	to	disruptions	in	Brazil,	DR	and	the	US.	The	Southern	Cone	
community	revealed	a	significant	exposure	to	disruption	in	many	countries,	such	as	Brazil,	Trinidad	and	
Tobago,	DR	and	Jamaica,	suggesting	high	vulnerability	to	events	occurring	in	different	network	hubs,	
even	in	those	geographically	located	far	from	the	community.	As	a	consequence	of	attacks	to	different	
countries,	countries	in	the	Southern	Cone	were	cut	off	or	disappeared	from	the	network.	In	the	case	of	
WCCA,	two	shipping	lines	provided	64%	of	available	connections:	Hamburg-Süd	(42%)	and	CSAV	(22%).	
Because	of	this,	the	community	was	particularly	vulnerable	to	disruptions	in	Colombia,	due	to	the	
configuration	of	both	liner	shipping	networks.	In	the	Caribbean	two	shipping	lines	provided	two	thirds	of	
available	capacity:	CMA-CGM	(32%)	and	CSAV	(34%).	Therefore,	the	community	was	more	vulnerable	to	
disruptions	in	Trinidad	and	Tobago	(due	to	the	special	role	this	country	had	in	the	CMA-CGM	network)	
and	Jamaica	(because	of	the	role	that	the	country	had	in	the	CSAV	network).		
Likewise,	countries	showed	different	levels	of	vulnerability	to	the	simulated	attacks	according	to	the	
liner	shipping	companies	calling	at	their	ports	and	the	structure	of	the	companies’	networks.	For	
example,	given	that	Jamaica	was	mainly	served	by	ZIM	(37%),	CMA-CGM	(21%)	and	CSAV	(20%)	services,	
the	firms	located	in	this	country	were	particularly	exposed	to	the	attacks	in	Brazil	(see	Figure	6	where	
the	effect	of	an	attack	on	Brazil	is	illustrated,	disrupting	the	services	to	the	Southern	Cone	community)	
and	in	Colombia.	In	the	case	of	the	firms	located	in	DR,	they	were	more	vulnerable	to	disruptions	in	
Brazil,	Panama	and	the	US	because	of	the	importance	that	MSC	services	(28%)	had	in	DR’s	total	shipping	
services,	and	Brazil,	Colombia	and	the	US	in	the	case	of	CSAV	services	(24%	of	total	DR’s	services).	Being	
served	by	CSAV	(26%),	Hamburg-Süd	(19%),	and	MSC	(18%),	Chile	proved	to	be	vulnerable	to	disruptions	
in	Colombia	and	Panama.	In	the	case	of	Argentina	and	Uruguay,	these	countries	proved	to	be	highly	
dependent	and	vulnerable	to	shocks	in	Brazil.	These	results	suggest	that	firms	located	in	Chile,	for	
example,	should	assess	to	what	extent	their	operations	may	be	exposed	to	disruptions	at	ports	in	
Colombia	and	Panama,	as	well	as	to	the	networks	of	CSAV,	Hamburg-Süd	and	MSC	shipping	lines.		
Overall,	the	results	of	this	paper	evidence	the	importance	of	taking	into	account	the	structure	of	
maritime	networks	as	a	source	of	risk	for	international	freight	flows	and	global	supply	chains.	Indeed,	
due	to	the	configuration	of	shipping	networks,	containerships	usually	call	at	ports	in	neighbouring	
countries,	and	regional	or	global	hubs	before	arriving	to	destination.	Therefore,	from	a	risk	management	
perspective,	the	performance	of	ports	and	the	business	environment	in	intermediate	countries	can	
impact	the	smooth	flow	of	freight	among	international	trade	partners.	In	addition,	the	high	market	
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concentration	by	shipping	lines	serving	a	particular	country	is	another	source	of	risk.	For	the	various	
stakeholders	interested	in	the	movement	of	freight	using	international	shipping	networks,	awareness	
should	be	the	first	step	to	mitigate	risk	from	shipping	line	networks.	Further	actions	for	supply	chain	
managers	should	include	improving	visibility	and	supply	chain	integration	with	not	just	port	operators,	
as	suggested	by	the	literature	(Panayides	and	Song,	2008),	but	also	with	liner	companies.	This	is	even	
more	important	in	a	situation	where	liner	companies	are	increasingly	integrating	vertically	with	ports	
and	land	transportation	companies	and	becoming	logistics	service	providers	(Fremont	and	Soppe,	2004).	
As	part	of	the	risk	mitigation	actions	and	visibility	improvement	in	the	maritime	legs	of	supply	chains,	
early	warning	systems	could	be	implemented	in	order	to	identify	potentially	disruptive	events	in	both	
intermediary	countries	and	shipping	lines,	and	enhance	preparedness	and	response	capabilities.	From	
the	policy	perspective,	actions	could	include	fostering	investment	for	a	more	efficient	and	resilient	port	
infrastructure,	as	well	as	increasing	dialogue	and	cooperation	with	other	countries	in	the	Americas	as	a	
means	to	coordinate	efforts	around	infrastructure	investment,	connectivity,	regulation	and	trade	
facilitation,	and	emergency	preparedness.	
	
5. Conclusion	
Using	multiple	network	modelling	and	analysis,	this	paper	provided	evidence	that	the	structure	of	the	
multi-layered	maritime	shipping	network	created	different	levels	of	vulnerability	for	international	freight	
flows,	according	to	the	different	positions	countries	occupied	in	the	network.	In	line	with	available	
literature	in	the	transportation	field,	it	was	shown	that	a	multiplex	model	better	represents	the	real	
situation,	as	it	can	more	effectively	illustrate	the	different	structures	of	liner	companies’	networks.	As	
supply	chains	become	more	international	and	complex,	with	partners	located	in	different	countries	and	
subject	to	different	business	environments,	dependence	on	maritime	transportation	and	shipping	
strategies	increases,	along	with	the	risks	to	disruptions	in	such	networks.	Given	the	challenges	that	
these	disruptions	pose	to	supply	chain	performance	and	management,	firms	should	be	aware	of	how	a	
given	country’s	position	in	the	MSN	and	the	strategies	of	the	liner	shipping	companies	servicing	it	can	
impact	them	and	include	this	factor	in	their	supply	chain	risk	management	strategies.	In	this	context,	risk	
mitigation	actions	should	seek	to	increase	visibility	and	integration	with	liner	companies.	Early	warning	
systems	can	identify	possible	problems	in	intermediate	countries	and	shipping	lines,	and	provide	supply	
chain	partners	with	wider	margins	of	time	and	ability	to	maneuver	so	as	to	avoid	or,	at	least,	minimize	
disruptions	in	the	chain.		
Furthermore,	the	results	of	this	research	can	be	useful	for	policy-making.	A	country’s	transport	and	
trade	strategies	cannot	be	designed	in	isolation	from	the	transport	contexts	(or	networks)	the	country	is	
embedded	in	-	such	strategies	need	to	acknowledge	the	level	of	dependency	from	other	actors	and	be	
able	to	minimise	the	resulting	risks.	Although	governments	can	only	moderately	influence	the	strategies	
of	liner	shipping	companies,	they	can	play	an	important	role	in	facilitating	actions	to	mitigate	the	risks	of	
international	trade	disruptions.	For	example,	they	can	set	the	standards	for	and/or	provide	
infrastructure	resilient	to	natural	disasters.	They	can	also	endeavor	to	provide	liner	companies	with	a	
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predictable	business	environment	and	legal	frameworks	under	which	operate.	Given	the	
interdependency	of	countries	in	the	MSN,	governments	can	also	develop	strategies	at	the	wider	regional	
/	pan	national	level	as	a	means	to	coordinate	efforts	around	investment,	regulation	and	trade	
facilitation,	and	security	/	preparedness.		
Further	research	could	focus	on	collecting	data	for	a	broader	period	of	time	in	order	to	analyse	any	
variation	over	time	in	liner	shipping	strategies	as	well	as	the	countries’	position	in	the	multi-layered	
maritime	transport	network.	Further	research	could	also	focus	on	applying	the	proposed	approach	to	
other	regions	or	country	groups,	and	to	the	individual	ports	in	the	network.	This	would	enable	
comparison	of	dependency	and	vulnerability	levels	among	different	regions,	country	groups	or	ports,	as	
well	as	provision	of	input	for	decision-making	concerning	policy-makers	and	global	supply	chains	
operating	in	a	broader	group	of	countries.	Another	area	for	future	investigations	could	be	the	likelihood	
of	an	economy	or	a	port	of	suffering	from	disruptions	in	shipping	services.	Finally,	research	could	also	
focus	on	identifying	policy	and	regulatory	actions	that	mitigate	vulnerability	from	liner	shipping	
disruptions	and,	in	general,	the	relation	between	network	regulation	policy	and	vulnerability	in	this	and	
other	sectors.	
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